Ranging behaviour of greater flamingos during the breeding and post-breeding periods: Linking connectivity to biological processes by Amat, Juan A. et al.
 
 
 
 
 
                                             
 
 
 
 
 
 
 
Ranging behaviour of greater ﬂamingos during the breeding and 
post-breeding periods: Linking connectivity to biological processes 
 
Juan A. Amat a,*, Miguel A. Rendo´ n a, Manuel Rendo´ n-Martos b, 
Araceli Garrido b, Jose´ M. Ramı´rez b 
 
a  Estacio´ n Biolo´ gica de Don˜ ana, CSIC,  Apartado  1056, E-41080 Sevilla, Spain 
b  Reserva Natural  Laguna de Fuente de Piedra,  Consejerı´a de Media Ambiente, Junta  de Andalucı´a, E-29520 Fuente de Piedra,  Spain 
 
 
 
 
 
Abstract 
 
Connectivity among habitat patches has mainly been studied in relation to species-speciﬁc behaviours. However, the movements 
of animals among patches may have diﬀerent functions, and tolerance to gaps between habitat patches may vary between these func- 
tions. We tracked the movements of greater ﬂamingos during the breeding and post-breeding periods with the aim of illustrating 
how the degree of connectivity may vary depending on the biological processes underlying the movements between wetlands. Most 
foraging sites used by breeding adults in a colony in southern Spain were within 200 km of the colony site, although some birds 
eventually moved 400 km. After the breeding season, the adults remained for several weeks in speciﬁc wetlands, moving to other 
sites located 280–2100 km away to overwinter. During these movements the birds may use stopover sites, the conservation of which 
may be critical to facilitate long-range movements. Our results suggest that wetland connectivity during chick rearing does not seem 
to be determined by whether or not central-place foraging ﬂamingos are able to reach wetlands located at the longest distance that 
they are able to ﬂy during non-stop ﬂights (>1000 km), but by whether they are able to sustain the energetic costs derived from 
frequent commuting. In contrast, long-distance  movements were occasionally undertaken during the post-breeding period. The 
energetic costs of such ﬂights could be paid by ﬂamingos because these movements were infrequent. Thus, in the case of ﬂamingos, 
connectedness thresholds between wetlands vary depending on the biological process involved (chick rearing or post-breeding move- 
ments). This emphasizes the need to consider diﬀerent types of connectivity in conservation planning. 
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1. Introduction 
 
Many species utilize resources that are distributed 
among patches. The concept of connectivity was intro- 
duced by landscape ecologists to characterize the ‘‘de- 
gree to  which the landscape facilitates or  impedes 
movement among resource patches’’ (Taylor  et  al., 
1993). Implicit in this deﬁnition is a recognition that 
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the movements of individuals among patches are deter- 
mined by both landscape structure and the behaviour of 
species. Connectivity has mainly been studied in relation 
to  species-speciﬁc  dispersal behaviour. However, the 
movements that  animals perform between habitat 
patches are not only related to the dispersal capabilities 
of individuals, but may also be related to other functions 
such as the daily acquisition of resources from central 
sites (nests or  roosts),  or  seasonal migratory events 
(Haig et al., 1998; Dobson et al., 1999; Webster et al., 
2002).  As  such,  tolerance to  gaps  between habitat 
 
   
 
patches may diﬀer depending on the type of movements. 
For instance, the frequency with which movements are 
performed may restrict the movements’  range due to 
energetic constraints. Because of  these diﬀerences  in 
the types of movements that animals perform, diﬀerent 
types of functional connectivity should be distinguished, 
and acknowledging this may be crucial to the successful 
implement action of conservation plans (Webster et al., 
2002). 
In this study we document the ranging behaviour of 
greater ﬂamingos Phoenicopterus roseus during diﬀerent 
phases of the annual cycle to illustrate how the degree of 
connectivity may vary depending on the biological pro- 
cesses underlying the  movements between wetlands. 
Greater ﬂamingos are major components of  the avi- 
fauna of saline and brackish shallow wetlands around 
the Mediterranean. The largest colony of this species 
in Spain is located at  Fuente de Piedra lake, where 
500–19,500   pairs  bred  during  1977–1999   (Rendo´ n 
et al., 2001). In this lake water levels exhibit considerable 
variations, both within as well as between breeding sea- 
sons (Rendo´ n-Martos, 1996). During most years, the 
lake dries out well before the chicks ﬂedge, so that the 
adults have to  use other wetlands to  forage, located 
within 200 km of  Fuente de Piedra (Rendo´ n-Martos 
et al., 2000). As greater ﬂamingos perform movements 
among  wetlands mainly  during  the  night  (Brown, 
1975;  Rendo´ n-Martos et al.,  2000;  McCulloch et al., 
2003), wetlands located at distances exceeding one night 
of ﬂight could not be reached, and therefore the degree 
of connectivity  between the breeding site and foraging 
sites may be an important determinant of wetland use 
by greater ﬂamingos during the chick provisioning per- 
iod. Based on observations on the numbers of  birds 
arriving to and departing from Fuente de Piedra lake 
on a daily basis, Rendo´ n-Martos et al. (2000) surmised 
that some birds may arrive at  the colony, feed their 
chicks, and then return to foraging sites in the same 
night. Little is known, however, on the time that birds 
remain at foraging sites between visits to the colony to 
provision their chicks, or whether individual  birds re- 
main faithful to foraging sites during the chick provi- 
sioning period. The study of ranging behaviour is of 
interest because both ﬂight distances and the frequency 
of  provisioning trips may constrain energy budgets, 
and  thus  compromise chick  survival (Weimerskirch 
et al., 1997). Rendo´ n-Martos et al. (2000) suggested that 
some individuals may desert whilst provisioning  chicks 
late in the breeding season. This may indicate that com- 
muting is costly, and that not all individuals can assume 
those  costs.  Because  greater  ﬂamingos are  sexually 
dimorphic in size, with males being larger than females 
(Cramp and Simmons, 1977), there would be relatively 
greater demands on females than on males during chick 
rearing, so that females should reduce their work load so 
as not to compromise their survival (e. g., Ce´zilly et al., 
1994; Berrow and Croxall, 2001). In fact, there is evi- 
dence that there are sex-related  diﬀerences and survival 
costs  of   breeding  in  greater  ﬂamingos  (Tavecchia 
et al., 2001). Therefore, we would expect that the time 
that birds remain at foraging sites between consecutive 
provisioning  trips should be inversely  related to their 
body size. 
Little is known on the movements of adult greater ﬂa- 
mingos during the post-breeding period. It is important 
to identify the areas utilized by adults after breeding, be- 
cause such areas may be critical for moulting or over- 
wintering, and  thus a  link  between breeding and 
wintering sites  may  be  essential to  understand the 
dynamics of the population and to design conservation 
measures (Haig et al., 1998). In addition to their impli- 
cations on population dynamics, such movements may 
also have important implications on the functioning of 
aquatic  ecosystems, e.g.  facilitating the  dispersal of 
propagules between wetlands (Figuerola and  Green, 
2002). 
Haig et al. (1998) stressed the need for studying both 
within- as well as between-season movements of individ- 
ual birds among multiple sites for  conservation pur- 
poses. In  this study we employed both  satellite and 
VHF telemetries to monitor the movements of greater 
ﬂamingos during the chick rearing and post-breeding 
periods. The aim was to determine the patterns of wet- 
lands use during these periods in order to provide argu- 
ments on which to base the choice of reserve sites. In 
particular,  we will discuss on the importance of the spa- 
tial location of sites for the conservation of colonies of 
waterbirds that rely on distant food sources, as well as 
on the need to incorporate connectivity into conserva- 
tion planning, especially when the use of sites exceeds 
geopolitical boundaries and/or several sites are required 
to meet long-term needs (Haig et al., 1998; Arengo and 
Baldassarre, 1999; Amezaga et al., 2002; Briers, 2002; 
Webster et al., 2002). 
 
 
2. Methods 
 
2.1. Field procedures 
 
Adult greater ﬂamingos were captured at Fuente de 
Piedra lake (36°06 0   N, 4°45 0     W) in early or mid-July 
2000–2002, once the lake had dried out. This ensured 
that nearly all adults present at the lake at that time 
were breeding birds, as no chicks had ﬂedged  at that 
time and the adults were performing  frequent foraging 
trips to  other wetlands. After feeding the chicks, the 
adults that remained during diurnal hours in the colony 
site moved to the mouth of a stream that diverted into 
the lake. This stream ﬂooded 3-5 ha and is located about 
1 km from the cre´che site. Adults spent most of the diur- 
nal hours resting, and utilized the ﬂooded site mainly for 
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bathing and drinking, and less frequently for feeding. In 
the late afternoon the adults departed from the ﬂooded 
site to the colony site to feed their chicks, and from there 
departed to foraging sites around sunset. By placing leg 
snares on the ground, we captured adults as they entered 
the ﬂooded site (for a similar procedure see McCulloch 
et al., 2003). 
In 2000 we trapped eight adults and attached a 80-g 
battery-powered, platform transmitter terminals (PTT), 
manufactured  by North Star Science and Technology 
(Columbia,     MD).      The     transmitters    measured 
66 · 36 · 23 mm, with an antenna 230 mm long, and 
had a continuous duty-cycle. Transmitters were attached 
using a teﬂon harness. One transmitter failed shortly 
after attachment, but the remaining 7 were tracked for 
an average of 143 days. 
Because of limited ﬁnancial budgets we used VHP 
transmitters, instead of PTTs,  in 2001 and 2002. We 
trapped 10 adult birds in 2001, and ﬁve birds in 2002. 
To these we attached 50-g battery-powered VHP trans- 
mitters manufactured by Televilt Int. AB (Lindesberg, 
Sweden) with an expected life of 13 months. These trans- 
mitters were attached using a Tygon harness. The trans- 
mitters measured 65 · 40 · 25 mm, and had a 450 mm 
long antenna. We used a four-element Yagi antenna to 
track ﬂamingos in the main wetlands utilized by greater 
ﬂamingos in Andalusia (southern Spain). Most wetlands 
were visited every 1–2 weeks during the chick provision- 
ing period, and every 1–3 months during the rest of the 
year. The arrivals of adults to Fuente de Piedra to pro- 
vision the chicks, as well as departures from the lake, 
were monitored using an automatic scanning receiver 
and datalogger (RX-900, Televilt). The receiver was pro- 
grammed to scan continuously the range of frequencies, 
which was done every 16 min. 
Attachment of transmitters may inﬂuence the behav- 
iour of the study subject. By being externally attached, 
the transmitters may have increased the birds’  aerody- 
namic resistance, increasing energy expenditure (e.g., 
Godfrey et al., 2003). However, two lines of evidence 
indicate that  the  eﬀect of  transmitters on  ﬂamingos 
may be small. First, there was no signiﬁcant diﬀerence 
between the number of days that greater ﬂamingos with 
and without transmitters spent in foraging sites between 
consecutive visits to the lake during the chick provision- 
ing period (see below). And second, ﬂamingos with 
transmitters were recorded breeding 1–2 years after hav- 
ing been marked (see below). 
All ﬂamingos with transmitters attached were mea- 
sured (lengths of culmen, wing and tarsus) and their 
body masses recorded at the moment of capture. Mean 
body masses of  these adults were 2683 ± (s.d.) 304 g 
(n = 23). All these adults were also provided with darvic 
rings with alphanumeric codes for individual identiﬁca- 
tion with a telescope. We assigned sex to most individu- 
als (17 of 18) captured in 2000 and 2001 based on body 
size. We used DNA analysis (Bertault et al., 1999) to 
determine sex in 2002. 
 
2.2. Analyses of data 
 
Data provided by PTTs were obtained from the Ar- 
gos system, which assigns a quality index (the location 
class [LC]) to each location (Argos, 2003). The quality 
of the locations is based on the number of messages re- 
ceived during a satellite pass. The accuracy of LC3 is 
<150 m from the exact  location, LC3  is  150–350 m, 
LC1  is 350–1000 m, and LC0  is >1000 m. Argos also 
provides LCs A and B, with an unspeciﬁed level of accu- 
racy, although this does not necessarily imply that these 
LCs are less accurate that other LCs (White and Sjo¨ - 
berg, 2002). 
During the chick rearing period, when the lake is usu- 
ally dry (June–August), the adult ﬂamingos in Fuente de 
Piedra are located either at the cre´che site or at  the 
ﬂooded site. We estimated the accuracy of Argos loca- 
tions as the shortest distances between the locations re- 
ported by Argos and either the centre of the ﬂooded site 
or the centre of the cre´che site, the only two sites utilized 
by ﬂamingos at the lake in summer months. This proce- 
dure showed  that the accuracy of locations decreased 
from LC3 to LCB  (Fig. 1), and that the accuracies of 
the most precise LCs  (3, 2, 1,)  given by Argos corre- 
sponded with those recorded directly by us. We received 
a mean of 1877 locations per bird (n = 7), of which 9.3% 
were of LC3, 19.0% of LC2, 25.1% of LC1, 13.7% of 
LC0, 16.4% of LCA, and 16.3% of LCB. The accuracy 
of  ﬁxes is less relevant to  the documention of  long- 
distance movements than more detailed aspects such 
as  small-scale movements within sites (Hays  et  al., 
2001). We used LCs 3, 2, and 1 to determine wetland 
 
 
 
 
 
Fig.  1.  Shortest distances (median ± 75%  (boxes) and 95%  (lines) 
conﬁdence intervals) between locations reported by Argos and ﬁxed 
sites utilized by greater ﬂamingos in Fuente de Piedra lake during the 
chick rearing period, according to location class (LC). Open symbols 
denote outliers. 
   
 
use. In addition to the latter, we also used LCs 0 and A 
to determine the dates of departure from and arrival at 
wetlands, as well as the ﬁxes during movements. We 
used all LCs, except B,  to estimate travel speeds. We 
also excluded the locations of  7 ﬂights (18.9% of  37 
recorded) because estimated travel speeds between two 
consecutive  ﬁxes were unrealisticaly low (<30 km h—1) 
or high (>90 km h—1). 
To identity the localities used by greater ﬂamingos, 
we used a database of geographic coordinates available 
online (http://www.wayhoo.com).  Distances between 
locations were calculated  as great circle distances, using 
R Package 4.0 (Casgrain and Legendre, 2001). We uti- 
lized DMAP version 7.0 to generate maps of the loca- 
tions of wetlands used by ﬂamingos. 
To  derive a  measure of  the structural size of  ﬂa- 
mingos, we performed a principal components analysis 
with the three linear measurements (culmen, wing and 
tarsus) of all captured birds, and used the ﬁrst princi- 
pal component (PC1) as an index of structural body 
size. PCI explained 48% of the variance, and the load- 
ings factors of  this component were positively corre- 
lated (P < 0.05) with tarsus and bill lengths. Our aim 
was to  test whether the time that birds remained at 
foraging sites  during the  chick  provisioning period 
was aﬀected by body size. 
3. Results 
 
3.1. Wetlands use during the chick rearing period 
 
Twenty-two greater ﬂamingos ﬁtted with transmitters 
utilized seven wetlands to forage during the chick rear- 
ing period (one bird disappeared after being marked in 
early July and was not relocated until November). The 
main site was the Guadalquivir marshes area, a wetland 
complex utilized by 20 birds (91% of 22), located about 
130–160 km west of Fuente de Piedra (Fig. 2). Of those 
birds, 17 were always recorded in the Guadalquivir area, 
but the other three used other wetlands during succes- 
sive trips to foraging sites. The ﬁrst of these three 
(AjJ7) was also recorded at Odiel marshes (200 km west 
of Fuente de Piedra), Salinas de Cabo de Gata (230 km 
east of the breeding site), El Hondo and Salinas de Santa 
Pola (390 km north-east of Fuente de Piedra), as well as 
at Gobierno lake (50 km west of Fuente de Piedra). This 
bird stopped for a day at Cabo de Gata when moving 
from Fuente de Piedra to Santa Pola, but made the re- 
turn trip in a single night (see Fig. 3). Another individual 
utilized for a brief period the Guadalquivir marshes, and 
was mainly recorded at Ca´ diz Bay (140 km south-west 
of the breeding site). Finally, the third of these ﬂamingos 
recorded at the Guadalquivir marshes also utilized the 
 
 
 
 
 
 
Fig. 2.  Location of wetlands in which greater ﬂamingos breeding in Fuente de Piedra lake foraged during the chick rearing period. Codes for 
wetlands are: FP = Fuente de Piedra lake; GS = Gosque lake; GB = Gobierno lake; GM = Guadalquivir marshes; CB = Ca´ diz Bay; OM = Odiel 
marshes; CG = Salinas de Cabo de Gata; SP = Salinas de Santa Pola; LH = El Hondo. The sites used within the Guadalquivir marshes area are also 
shown (open circles and shaded area). 
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Fig. 4.  Mean number of days that greater ﬂamingos spent in foraging 
sites between visits to Fuente de Piedra lake to provision their chicks in 
relation to adult body size. The index of body size was obtained as the 
ﬁrst principal component scores from a principal components analysis 
of  culmen, tarsus and wing lengths. F  beside data points denote 
females, M males, and U undetermined sex. 
 
 
 
Individual ﬂamingos exhibited diﬀerent  patterns of 
permanency at foraging sites between visits to the lake 
to provision their chicks (Fig. 3). Of the parents that 
performed at  least two provisioning trips, the mean 
length of stay at foraging sites between two consecutive 
provisioning trips was 6.9 ± (s.d.) 1.9 days (n = 7). The 
length of stay at foraging areas of birds individually 
marked  with  plastic  rings  (6.1 ± 2.7  days,  n = 153; 
authors’  unpublished  data) did not diﬀer signiﬁcantly 
from that of birds marked with transmitters (Mann– 
Whitney U-test, U = 380, P = 0.192). The length of stay 
at foraging areas was negatively correlated with body 
size  (Spearman  correlation,  rs = —0.77,   n = 7,   P = 
0.041; Fig. 4). Females remained longer at foraging sites 
(7.7 ± 2.2 days, n = 4) than males (6.0 ± 1.0 days, n = 2), 
though due to small sample size the diﬀerences could not 
be analysed statistically. After arriving at the breeding 
site, the adults (n = 7) spent 1.3 + 0.7 days there before 
returning to foraging sites. One of the ﬂamingos tagged 
with a satellite transmitter made provisioning trips from 
foraging sites to Fuente de Piedra, and then returned to 
foraging sites in the same night (Fig. 3). This was also 
conﬁrmed in another case of a bird ﬁtted with a VHP 
transmitter. 
 
3.2. Post-breeding movements 
 
After breeding, seven ﬂamingos with PTTs were mon- 
itored until late November to mid December,  when bat- 
teries failed. In  contrast to  the breeding season, 
movements between wetlands during the post-breeding 
period were not so frequent. Three of the birds were in 
the marshes of the Guadalquivir  when batteries failed, 
but the other four birds left Spain in late summer or au- 
tumn. Three of these birds moved to Algeria or Tunisia 
(Fig. 5(a) and (b)). Distances travelled during non-stop 
ﬂights by these birds during these displacements varied 
228–564 km, and stopover sites utilized  by these birds 
included a reservoir, commercial salt pans and coastal 
lagoons. One of these birds apparently stopped to rest 
at sea for a few hours near the coast, 89 km east of Al- 
giers (AG4 in Fig. 5(b)). 
The remaining ﬂamingo with PTT moved from SW 
Spain to the Banc d’Arguin  in NW Mauritania in two 
non-stop ﬂights of 959 and 1139 km, respectively (Fig. 
5(c)). It  stopped to rest for 8–9 h at the mouth of a 
stream (MO in Fig. 5(c)). 
When performing long-range movements from south- 
ern Spain to African wetlands,  the ﬂamingos stopped 
ﬁrst in more permanent wetlands (e.g., Salines d’Arzew 
by AjJ7;  Sarno reservoir by AjJ6;  Soliman lagoon by 
AjJ1),  rather than going ﬁrst to temporary wetlands in 
which conditions would have been more unpredictable 
(e.g.,  Sebkha d’Oran  by  AjJ7;  Sebkhet Sedjoumi by 
AjJ1) (Fig. 5(a) and (b)). 
Of the 15 birds ﬁtted with VHF  transmitters, ﬁve 
were recorded at the marshes of the Guadalquivir (Veta 
la Palma; see Fig. 2) until October–November or Janu- 
ary. One bird was recorded during September in the 
Guadalquivir marshes area and during November at 
Ca´ diz Bay, but was undetected afterwards. Two individ- 
uals were recorded at Odiel marshes during September– 
October, one of which was relocated in the Guadalquivir 
marshes in October and November, while the other was 
relocated at Ballestera lake (Sevilla province) in Febru- 
ary. A  bird disappeared  form Andalusia in summer, 
but  was present in  the  Guadalquivir marshes from 
mid-winter onwards. Another bird remained until Octo- 
ber at Fuente de Piedra and was recorded in the Guadal- 
quivir marshes in January. The remaining four birds 
disappeared from Andalusia in late summer, although 
one of  them was recorded for  a  short period in the 
marshes of the Guadalquivir in November. 
For distances <200 or >800 km the ﬂamingos  ﬂew at 
60–70 km h—1  whereas when they moved intermediate 
distances they reached 50–60 km h—1.  The  maximum 
speed recorded was 90 km h—1   One bird (AjJ3)  ﬂew 
without stopping for 15 h. 
All the ﬂamingos that had been marked with PTTs, 
except the one that moved to NW Mauritania, were re- 
corded at Fuente de Piedra in the following spring after 
marking (identiﬁed by their darvic rings). Ten of the 15 
ﬂamingos with VHF transmitters  were recorded also at 
Fuente de Piedra during the spring following the breed- 
ing season in which they were marked. 
We conﬁrmed breeding of at least ﬁve ﬂamingos that 
had a transmitter attached a year after marking. Based 
on movements between Fuente de Piedra and other wet- 
lands after the cre´ches had been established, we infer 
breeding  of three additional birds. Thus, at least 35% 
of the birds bred the year after they were marked. 
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Fig. 5.  Sites and dates in which four greater ﬂamingos with PTTs were located during the post-breeding period. Tracked individuals were: (a) AjJ7 
(solid line) and AjJ6 (dashed line); (b) AjJ1; and (c) AjJ3. Large open dots denote that the birds were at land, and small closed dots that the birds were 
ﬂying. Arrows indicate directions of movements. Codes for sites are: AG1 = Sarno reservoir; AG2 = Telli area; AG3 = Oran area (including Salines 
d’Arzew,   Sebkha  d’Oran,   and  Telamine lake);  AG4 = resting at  sea;  AG5 = Algiers area;  AG6 = Guerbes-Senhadjia wetlands complexes; 
CG = Salinas de Cabo de Gata; FP = Fuente de Piedra lake; GM = Guadalquivir marshes; LH = El Hondo and Salinas de Santa Pola; MA = Banc 
d’Arguin  (including Tafarit Cape, and louik, Trida and Kiji Islands); MO = mouth of Oued Bou Issafene; SP = Salinas San Pedro del Pinatar; 
TU1 = Tunis area (including Soliman lagoon and Sebkhet Sedjoumi); TU2 = Iles Kneiss marshes. 
 
 
4. Discussion 
 
4.1. Ranging behaviour of ﬂamingos 
 
Flamingos are adapted to use shallow wetlands in 
which variations in water levels are very dynamic. As 
a consequence, ﬂamingos may have to  shift foraging 
locations rather frequently (e.g., Baldassarre and Are- 
ngo, 2000). Although some of  the ﬂamingos that we 
tracked utilized 2–6 wetlands during the breeding peri- 
od, others exhibited a strong ﬁdelity to  the wetlands 
where they foraged. Most wetlands used by ﬂamingos 
during our study have been transformed by humans (ﬁsh 
farms, commercial salt  pans), and in  such wetlands 
water levels are artiﬁcially maintained, thus allowing 
their use by waterbirds for extended periods. 
The wetlands utilized by greater ﬂamingos during the 
chick provisioning period were usually within 200 km of 
the breeding lake (see also Rendo´ n-Martos et al., 2000), 
although the birds were also able to reach wetlands as 
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far as 400 km. Brown (1975) and Simmons (1996) indi- 
cated that ﬂamingos may ﬂy 500–640 km in a night. 
During the chick provisioning period a night at Fuente 
de Piedra lasts about 10 h, so if during their nocturnal 
movements  ﬂamingos ﬂy at a speed of 50–70 km h—1 
they could move from wetlands located at  >500 km 
from Fuente de Piedra, thus supporting the assertions 
of. those authors. In fact, our data on satellite tracking 
have shown that they moved about 400 km in one night. 
Simmons  (2000)   stated  that   ﬂamingos  may  ﬂy 
2000 km  without stopping, but  this needs conﬁrma- 
tion.  Our  results conﬁrm Brown’s  (1975)  suggestion 
that  when distances between origin and  destination 
sites are very long (>900 km), ﬂamingos use other wet- 
lands in  between to  rest (e.g.,  individuals AjJ1  and 
AjJ3,  Fig. 5). 
Some of the individuals tagged with VHF transmitters 
remained during winter in  wetlands located  within 
200 km of Fuente de Piedra lake, and moved the next 
spring to this lake. Other individuals with VHF transmit- 
ters were not recorded during winter, but were relocated 
during the next spring in Fuente de Piedra, suggesting 
that such individuals could have spent the winter in wet- 
lands located within one or two journeys of ﬂight to 
Fuente de Piedra. Indeed, individuals  with PTTs  that 
spent the winter in Algeria or Tunisia were recorded 
the following spring in Fuente de Piedra, but not the 
individual that moved to Mauritania. This suggests that 
the individuals that breed in a given year in Fuente de 
Piedra had spent the previous winter in wetlands located 
within two journeys of ﬂight to the breeding site. This 
would allow such individuals to move quickly to the nest- 
ing site in late winter or early spring to attempt breeding, 
which may be very important in order to acquire a site in 
which to nest, given that competition for nesting sites is 
high (Rendo´ n et al., 2001). 
 
4.2. Wetland connectivity and biological processes 
 
It is important to distinguish between diﬀerent types 
of functional connectivity when studying avian move- 
ments. In the particular case of ﬂamingos, wetland con- 
nectivity during chick rearing should be distinguished 
from ‘‘migratory or  dispersal’’ connectivity. Wetland 
connectivity during the chick rearing period does not 
seem to be determined by whether or not central-place 
foraging ﬂamingos are able to reach wetlands  located 
at the maximum distance that they are able to move dur- 
ing non-stop ﬂights, but by whether they are able to sus- 
tain  the  energetic costs  derived from  frequent 
commuting during the whole chick provisioning period 
(i.e., about 3 months). In  this last case the range of 
movements should be  determined by  energetic con- 
straints, which would restrict the distances that ﬂamin- 
gos  may ﬂy  during frequent provisioning trips. 
Evidence for this was that the duration of provisioning 
trips was body size-related,  suggesting that the smaller 
individuals (i.e., females) could be reducing their work 
load. Even with such reduction of the work load, some 
individuals are apparently unable to attend their chicks 
during the late chick provisioning period, and they then 
have to desert their chicks (Rendo´ n-Martos et al., 2000; 
see also Ce´zilly et al., 1994). In the greater ﬂamingo the 
males, but not the females, increase the duration of feed- 
ing bouts to their chicks as the chicks grow, which has 
been suggested to be due to females being physiologi- 
cally stressed because of reproduction, and be unable 
to adjust to the greater demands of older chicks (Ce´zilly 
et al., 1994). This diﬀerent pattern of chick provisioning 
by males and females may not be the result of a sexual 
conﬂict over parental care, since reduced food provi- 
sioning rates during the chick period lead to increased 
mortality  during  the  post-ﬂedging period  (authors’ 
unpublished data). 
As opposed to regular and frequent movements dur- 
ing the breeding period, the long distances that ﬂamin- 
gos  moved during the  post-breeding period were 
occasionally undertaken. The  energetic costs of  such 
ﬂights could be paid by ﬂamingos because these move- 
ments were infrequent. 
 
4.3. Implications for conservation 
 
The apparent inability of greater ﬂamingos to per- 
form frequent ﬂights between very distant wetlands dur- 
ing  the  chick  provisioning period may  explain the 
complete failure of  some breeding colonies following 
the dry out of wetlands in which breeding took place 
(e.g. Berry, 1975), in spite of other wetlands in which ﬂa- 
mingos could potentially have foraged being located 
within 500 km of those breeding sites. Such distances 
might have potentially been covered by ﬂamingos in 
non-stop ﬂights (Fig. 5; Brown, 1975; Simmons, 2000). 
However, such distance likely exceeds connectedness 
thresholds between wetlands’ during frequent commut- 
ing. This emphasizes  the need of conserving  wetlands 
within connectedness thresholds during the  breeding 
period (usually 6200 km), for the successful fate of col- 
onies that rely on distant food sources. 
The results of our study show that greater ﬂamingos 
stopped to rest for a few hours in small wetlands during 
long-range movements between major  wetland com- 
plexes. Therefore, during dispersal or migration, wet- 
land connectivity may depend not only on the distance 
between two sites, but also on the presence of  step- 
ping-stones, whose protection may be essential to facili- 
tate very long-range movements.  The conservation of 
such stopover sites may contribute to metapopulation 
persistence. Usually, the number of individuals of a spe- 
cies in a given area is one of the factors that may aﬀect 
the declaration of such an area as protected. The num- 
ber of individuals that at a given moment use a stopover 
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site during migration periods may be small, yet the turn- 
over of individuals at such a site may be high, even dur- 
ing short time periods (e.g. days or weeks), as our data 
on ﬂamingos suggest. As such, the identiﬁcation of stop- 
over sites utilized by greater ﬂamingos during long- 
range movements may be essential to design a reserve 
network that may facilitate metapopulation  processes. 
Because the spatial scale of the movements of greater 
ﬂamingos exceeds geo-political boundaries (Johnson, 
1997), it seems evident that international cooperation 
is needed to conserve the greater ﬂamingo metapopula- 
tion in the southwestern  Palearctic, as has been sug- 
gested for other highly migratory species (Harrington 
et al., 2002). 
In summary, though it is acknowledged that connec- 
tivity is a function of the dispersal ability of organisms 
to link habitat patches across the landscape, this ability 
is usually considered as a ﬁxed property of the organism 
involved (but see With, 1994). Nevertheless, depending 
on the biological process underlying these movements, 
a  given species may have diﬀerent perceptions as to 
whether habitat patches are connected or not. In the par- 
ticular case of ﬂamingos, between-wetland crossing abil- 
ity is greater during post-breeding dispersal that during 
chick-rearing, and both of these diﬀerent types of con- 
nectivity should be considered in conservation planning. 
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